Atomically thin layers of 1T'-WTe 2 were recently shown to be a realization of a quantum spin Hall (QSH) insulator, which is characterized by an insulating interior and helical one-dimensional edge states. In the present study, we place mono-and few-layers of WTe 2 on a van der Waals superconductor, NbSe 2 , to induce superconductivity into this system. Using scanning tunneling microscopy and spectroscopy, we demonstrate the presence of a proximity-induced superconducting gap in the WTe 2 for thicknesses up to 7 crystalline layers, the thickest sample measured. At the edge of the WTe 2 monolayer, we show that the superconducting gap coexists with the characteristic signature of the QSH edge state. Taken together, these observations provide strong evidence for proximity-induced superconductivity in the QSH edge state in WTe 2 , a crucial step towards realizing one-dimensional topological superconductivity in this van der Waals material platform.
: Morphology of WTe 2 /NbSe 2 heterostructure. a) Schematic of experimental setup. b) STM topography and height profile across the edge of the monolayer WTe 2 flake (V sample = 300 mV and I t = 10 pA). c) Atomic structures of 2H-NbSe 2 and 1T'-WTe 2 with their unit cells indicated. d) Atomically resolved STM image of the NbSe 2 flake showing the 3 × 3 CDW (V sample = 300 mV and I t = 35 pA). e) Atomically resolved STM image of ML WTe 2 (V sample = 1 V and I t = 55 pA). Defects, resulting from either growth or sample fabrication, are evident in the atomically resolved images. The topographies shown in c), d), and e) are representative of the heterostructure over most of the area of the exfoliated flakes. perconductivity in the WTe 2 QSH edge state in transport measurements is by using split-gate geometries [22] . An alternative approach for producing superconductivity in the QSH edge state is to proximitize it by placing it on a superconductor, e.g. similar to Ref. [23] . In the present work, we study mechanicallyexfoliated single-and few-layers of WTe 2 which have been transferred onto a van der Waals s-wave superconductor, NbSe 2 . In the following, we show that the NbSe 2 induces a superconducting gap into the ML WTe 2 , without the need for doping or complicated sample structures (e.g. full encapsulation and/or split-gate geometries). This approach yields a critical temperature much higher than that of the intrinsic WTe 2 superconductivity and greatly facilitates studies of the interplay of superconductivity and the QSH edge modes.Scanning tunneling microscopy/spectroscopy (STM/STS) is utilized to analyze the proximity-induced superconducting gap as a function of temperature, magnetic field, and WTe 2 thickness. We then demonstrate that the superconducting gap coexists with the QSH signature at the WTe 2 ML edge, providing the building blocks for topological superconductivity in a van der Waals material system.
A schematic of the present sample and measurement setup is shown in Fig. 1 a) . For details on the sample fabrication see the methods section and supplementary material. Figure 1 b) shows an STM image of the heterostructure where the WTe 2 ML edge and the underlying NbSe 2 are visible, showing atomically clean surfaces on each material. The height profile across the step edge gives a step height of ∼ 7Å which corresponds to one WTe 2 layer [18] , indicating an atomically clean interface between the WTe 2 and NbSe 2 , i.e. no dirt is encapsulated. On the ML WTe 2 , a moiré effect in form of diagonal stripes can be seen resulting from the superposition of the two different atomic lattices. While NbSe 2 has a hexagonal unit cell with lattice parameters a = b = 3.44Å, WTe 2 has a rectangular unit cell with lattice parameters a = 6.28Å and b = 3.48Å (Fig. 1 c) ). The moiré pattern is analyzed in more detail in the supplementary information and corresponds to a twist-angle of ≈ 3 • between the WTe 2 and NbSe 2 . Atomically resolved STM images of the NbSe 2 surface (Fig. 1 d) ) show the well-known 3 × 3 charge density wave [7] , indicating the pristine quality of the NbSe 2 substrate. Atomically resolved STM images of the WTe 2 ML (Figure 1 e) ) are characterized by vertical atomic rows corresponding to the b-axis of the WTe 2 unit cell. This is, to our knowledge, the first experimental STM results of a WTe 2 flake that was exfoliated onto SiO 2 from a bulk crystal. Figure 2 a) shows a series of dI/dV spectra taken along a line perpendicular to the WTe 2 monolayer step edge (upper panel) and the corresponding height profile (lower panel). The dI/dV spectra clearly show the presence of an increased local density of states (LDOS) near the WTe 2 step edge, mostly in the valence band. This feature was recently reported in STM/STS studies of ML WTe 2 on epitaxial graphene substrates [15, 17] . In detail, Ref. [15] demonstrates that ML WTe 2 has a band gap of ≈ 56 meV and the authors conclude that WTe 2 is a QSH insulator where the increased LDOS at the ML WTe 2 boundary is the metallic QSH edge state that crosses the band gap. The lateral extension of the QSH edge state in our data is ∼ 1.2 nm, in agreement with the previous reports. Figure 2 b) shows the averaged dI/dV spectrum on the WTe 2 ML (red) and the ML edge (orange) at the corresponding positions indicated in Fig. 2  a) . From the spectra it can be seen that the Fermi energy in the WTe 2 ML is located near the conduction band edge. On the other hand, the shoulder at ≈ −50 meV corresponds to the onset of the WTe 2 valence bands. The non-zero dI/dV signal in the gap region was previously proposed to stem from defect states and substrate effects [15] . By comparison to epitaxially grown WTe 2 on graphene [15, 17] and WTe 2 encapsulated with hBN [24] , we conclude that there is no significant charge transfer from the NbSe 2 to the WTe 2 . This observation is further supported by density functional theory (DFT) calculations and measurements of ML WTe 2 on a graphite substrate that we performed (see supplementary information). a) dI/dV spectra taken along a line across the step edge of the WTe 2 flake (top), and corresponding height profile (bottom) (V sample = 300 mV and I t = 400 pA). b) Spatially averaged dI/dV spectra of monolayer WTe 2 showing a representative spectrum away from the monolayer edge (corresponding to the red dashed line in a)) and increased density of states at the monolayer edge due to presence of the QSH edge state (corresponding to orange dashed line in a)). c) Small voltage range dI/dV spectrum of monolayer WTe 2 at 4.7 K and 2.8 K showing superconducting gap-like features. The 2.8 K curve is offset for clarity. d) Magnetic field dependence of the small voltage spectrum of monolayer WTe 2 measured at 4.7 K. The curves are offset for clarity. In our spectra, the signature of the QSH edge state in WTe 2 is most dominant in the valence band region but, importantly, is also present at the Fermi energy. This observation is in agreement with DFT calculations which show that, in intrinsic WTe 2 , the QSH edge state has an asymmetric shape around the Fermi energy [14, 18] . Figure 2 c) shows the ML WTe 2 dI/dV spectrum in a smaller voltage range, revealing a superconducting gap-like spectrum: a dip in the dI/dV signal with peaks on either side of the gap centered around the Fermi energy. Comparison of measurements at 4.7 K and 2.8 K show that the gap deepens and the peaks sharpen at lower temperature. The evolution of the superconducting gap-like feature under application of a surface-normal magnetic field at 4.7 K (Fig. 2 d) ) shows that with increasing magnetic field, the gap becomes less deep and the peaks flatten out until the gap features are almost vanished at 1 T. This observed temperature and magnetic field dependence is consistent with the Bardeen-Cooper-Schrieffer (BCS) theory and agrees with the Ginzburg-Landau critical field H ⊥ c2 (T ) = Φ 0 2πξ GL (1 − T /T c0 ) ≈ 1.8 T assuming a sample temperature T = 4.7 K, critical temperature T c0 = 7 K and coherence length ξ GL = 7.7 nm corresponding to that of bulk NbSe 2 [25] . We conclude that the gap observed in the ML WTe 2 is indeed a superconducting gap.
To further analyze data, we fit the experimental spectra measured at 4.7 K with a BCS-like gap function (Fig. 3 a) ). We find that the BCS model fits both the monolayer WTe 2 and the NbSe 2 data very well. For NbSe 2 , the fit results in a superconducting gap of ∆ NbSe 2 = (0.84 ± 0.01) meV, while for the WTe 2 it results ∆ WTe 2 = (0.72 ± 0.02) meV (for details on the fitting procedures see the supplementary information). In order to confirm the proximity-induced nature of the observed superconducting gap, we Figure 4 : Spatial variation of superconducting gap in monolayer WTe 2 . a) dI/dV spectra of the superconducting gap measured along a line up to the monolayer WTe 2 step edge at 2.8 K. The position up to which the QSH edge state is observed in Fig. 2 a) is indicated by the dashed line. Inset: Topography image, with the line indicated along which the spectra were acquired. b) Spatially averaged spectra of the superconducting gap on the monolayer WTe 2 edge and away from edge. NbSe 2 spectrum measured ∼ 10 nm away from the WTe 2 flake shown as reference.
explore its behavior as a function of WTe 2 thickness. This is possible because the WTe 2 flake naturally has regions of different thicknesses as a result of the exfoliation procedure. Figure 3 b) shows the superconducting gap measured on areas of different WTe 2 thickness, from which it can be seen that the gap becomes more shallow with increasing WTe 2 thickness. To quantify this behavior, we fit the BCS model to each of the spectra in Fig. 3 b) and plot the resulting gap sizes in Fig. 3 c) . We find that the trend of decreasing gap sizes as a function of the WTe 2 thickness can be described reasonably well by an exponential decay, consistent with the qualitative behavior of a proximity-induced superconducting gap. This observation is in general agreement with proximity-induced superconductivity in bulk WTe 2 flakes [23, 26] and extends the previous studies to the ultra-thin limit. Furthermore, the decreasing gap size excludes tunneling through the WTe 2 directly into the NbSe 2 as a possible source of the observed superconducting gap on the WTe 2 , since the expected gap size in that case would be identical to the NbSe 2 gap.
We now study the lateral variation of the superconducting gap in the ML WTe 2 . Figure 4 a) shows 2.8 K dI/dV spectra taken along a line approaching the edge of the WTe 2 monolayer, similar to that shown in Fig. 2 a) but over a smaller voltage range. It can be seen that the superconducting gap is present throughout the WTe 2 monolayer with only slight changes in the gap width and depth. The average dI/dV spectra of the edge, the monolayer, and the NbSe 2 flake, measured ∼ 10 nm away from the WTe 2 flake, are shown in Fig. 4 b) . We find that the extracted gap sizes of the WTe 2 monolayer and edge region are the same within uncertainties and that they are both smaller than the extracted NbSe 2 gap size. This behavior is consistent with a proximity induced superconducting gap in the WTe 2 monolayer as well as its QSH edge mode, whereas an alternative explanation in which the superconducting gap is acquired by just the WTe 2 bulk bands, but not the QSH edge state, seems unlikely.
In conclusion, we report the simultaneous presence of QSH edge states and a superconducting gap in ML WTe 2 , demonstrating the coexistence of topological order and superconductivity. This combination makes WTe 2 a promising candidate for the realization of a 1D topological superconducting channel at the ML boundary. The existence of the 1D topological superconducting state could be demonstrated in STM by the observation of a fully gapped DOS at the monolayer edge at ultra-low temperatures, or the observation of majorana zero modes (MZMs). MZMs have been shown to manifest as zero bias conductance peaks in the SC gap, e.g. at the two ends of proximitized iron chains [27] . One way to realize MZMs in the present system could be by locally quenching the superconductivity of the edge state, e.g. by a superconducting vortex. Alternatively, MZMs could be realized by placing the topological edge state across a superconductor/normal conductor boundary. In this case MZMs are expected to emerge at the intersection of the QSH edge state and the superconductor boundary [27] .
Methods
The WTe 2 /NbSe 2 heterostructure was fabricated by using a newly developed dry-transfer technique. This technique allows the fabrication of van der Waals heterostructures without exposure to ambient conditions, which is necessary since WTe 2 and NbSe 2 are both air-sensitive and can not be encapsulated since an exposed sample surface is necessary for STM measurements. For the present study, a WTe 2 flake was transferred onto a (20 ± 1) nm layer thick NbSe 2 flake. At this thickness, the electronic properties of the NbSe 2 are bulk-like and the critical temperature below which the NbSe 2 becomes superconducting is T c ≈ 7 K [28] . The WTe 2 /NbSe 2 heterostructure is contacted by a gold lead and the STM tip is approached to it using a capacitive technique similar to Ref. [29] . For more details on the sample fabrication see supplementary information. The commercial CreaTec STM helium bath temperature is 4.2 K with the ability of intermittently reaching ∼ 1 K by pumping on the cryostat. The resulting STM temperatures are 4.7 K and 2.8 K, respectively, due to vibration isolation and required optical access. The STM is equipped with an electrochemically etched tungsten tip which was indented into gold prior and in between measurements. The lock-in frequency was set to f = 925 Hz in all dI/dV measurements. All superconducting gap measurements were performed at V sample = 5 mV with V mod = 100 µV peakto-peak and I t = 100 pA, except in Fig. 2 e) where V sample = 10 mV. The spectra in Fig 2 a) and b) were acquired using V mod = 5 mV.
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